Introduction
The tertiary phosphine oxides (TPO) comprise a large group of organophosphorus compounds to which a considerable attention in the literature is paid [1] [2] [3] [4] [5] . However, only few T P O 's containing one or more primary amino groups in their mole cules are known. Studies on such compounds are limited [6] [7] [8] [9] [10] [11] [12] . Because of the high activity of amino groups these compounds can be used as phosphorylation agents for polymers, as well in synthesis of new organophosphorus compounds. That makes them very useful and desired organic reagents. Recently the synthesis of two new sub stances that type has been reported by L. M aier [13] and by us [14, 15] : (aminomethyl)dimethylphosphine oxide and bis(aminomethyl)methylphosphine oxide. We have shown as well that these compounds can be used for the synthesis of phosphorus-containing nitrosourea derivatives [16] , bifunctional monomers [15] , rigid polyurethane foams [14] , epoxide amine addition prepolymers and polymers [17] , and as organic ligands for co ordination compounds with metal ions [18] [19] [20] .
The present work is a continuation of our studies on the synthesis and investigation of TPO 's functionalized with primary aliphatic amino groups. It reports the preparation of a new group of TPO with an amino function in the molecules: (aminoalkyloxymethyl)dimethylphosphine oxides.
* Reprint requests to Assos. Prof. Dr. S. Varbanov.
Results and Discussion
A possible and rational way for the synthesis of the (aminoalkyloxymethyl)dimethylphosphine oxides is the interaction of (chloromethyl)dimethylphosphine oxide (CM PO) and sodium alcoho lates of amino alcohols via the Williamson reac tion. CMPO is an accessible organophosphorus compound, and because of the high reactivity of the chlorine atom in the chloromethyl group, it is used for the phosphorylation of organic com pounds [2, 21] . The other starting products, the amino alcohols, are commercially available.
The preparation of the new (aminoalkyloxymethyl)dimethylphosphine oxides from these ini tial products is described by the reactions:
where -R -is -C H 2C (CH3)2-or -( C H 2) " -, n = 2 -5 . The sodium amino alcoholates were prepared by interaction of sodium with an excess of the cor responding amino alcohols (reaction (1)). It is known that nucleophilic substitution of the chlo rine atoms of the chloromethyl groups in T P O 's by highly nucleophilic reagents proceeds smoothly in aromatic hydrocarbons (benzene, toluene, or xylene) [22] [23] [24] [25] . That is why the synthesis of all (aminoalkyloxymethyl)dimethylphosphine oxides, listed in Table I , was carried out in toluene.
The interaction between CMPO and sodium amino alcoholates (reaction (2)) is vigorous, as can be seen from the observed exothermic effect. The The yield is for the purified product.
quantity of isolated sodium chloride in all cases was more than 95%. This result confirms the high degree of substitution of the chlorine atoms.
It is reasonable to suggest a competitive reac tion (reaction (3)) between CMPO and the amino group of the amino alcohols or amino alcoholates, resulting in the alkylation of amino groups:
The hydrogen chloride could be removed from the intermediate alkylammonium chloride by the sodium amino alcoholate. The products resulting from reactions (2) and (3) have equal molecular weights and elemental compositions, but differ by the ether bond and primary amino group in the products of the reaction (2), while the products of reaction (3) contain hydroxyl and secondary amino groups.
An investigation of the purified products shows that reaction (2) gives good yields of the desired (aminoalkyloxymethyl)dimethylphosphine oxides.
Thin layer chromatography (TLC) on silica gel shows that the isolated products are pure. Their R f values are given in Table I . Some of the substances contained traces of the initial amino alcohols. No unidentified compounds were detected.
Some data of the (aminoalkyloxymethyl)dimethylphosphine oxides are summarized in Table I . Product 1 is a crystalline substance, which melts at a relatively low tem perature, the other products are colourless transparent oils. All of them are ex trem ely hygroscopic with a typical odour of ali phatic amines, readily soluble in water and organic solvents such as alcohols, acetone, chloroform, m ethylene chloride, and dimethylformamide, and poor soluble in aromatic hydrocarbons (benzene, toluene). They are insoluble in aliphatic hydrocar bons and diethyl ether.
The proposed structure of the compounds was established by an elemental analysis for phos phorus, amino group content, IR 'H NM R and 31P NM R spectroscopy. The infrared spectra (Table II) exhibit bands due to phosphoryl groups (P = 0 ) at 1185-1190 cm "1, methyl groups bonded to a phosphorus atom at 1295-1305 cm -1 and 950-955 cm 1 [26] , primary aliphatic amino groups at 1610-1615 cm -1 and 3220-3460 cm -1. The absorption bands at 1115-1128 cm " 1 are an evidence for the presence of ether bonds.
The 'H NMR spectra (Table III) 
The signals observed in the 31P NMR spectra represent septets [(CH3)2P] of triplets [CH2P] (Table III) . The septet splittings correspond to the 2/(H P ) constants for CH3-P groups as determ ined from the 'H NMR spectra, whereas the triplet splittings correspond to the 2/(H P ) constants for PCH2. The triplet coupling constants of 4 and 5 have been accurately determined, while for the other compounds because of an overlap of the signals the data are less accurate.
The 31P{'H} NMR spectra of all compounds (Table III) show only one singlet signal with chem ical shifts typical for TPO's having the structural fragment (CH 3)2P (0 )C H 2 [14, 27] ,
The structure of the compounds has also been confirmed by mass spectrometry (Table IV) . The CI-MS spectrum of compound 1 shows a peak for M H+, but the base peak corresponds to the (2M + H )+ ion, which is a protonated dimer. There are several other peaks with higher m/z values, which is evidence for ion-m olecule reactions. The EI-MS spectra of 1 -5 exhibit peaks of the M H+ ions. This protonation of the molecules of the in vestigated compounds observed in the EI-MS spectra remains unexplained so far. It can be as sumed that phosphine oxides tend to form hy drogen bonds with O H and N H 2 group containing compounds [26] . The EI-MS data of the com pound CH30 (C H 2)3N H 2 confirm such assump tions. A molecular peak M (m /z -89), but not M H + was observed in this spectrum [28] ,
In the EI-MS spectra of the compounds, ions characteristic for fragmentations were observed. The peak m /z = 30 (C H 2=NH2+) is a base peak in the spectra of the 3 and 4, and its intensity is lower in the spectra of the 1 and 5. In the spectrum of 2 the base peak appears at m /z = 58, due to the ion (C H 3)2C =NH2+. These ions correspond to an a-cleavage of the primary amines.
The second fragm entation is the McLafferty re arrangement at the phosphoryl group similar to that at the carbonyl group [29] , It produces the ion CH2=P(CH3)2(O H )t (m /z = 92), whose peak is observed in the spectra of all compounds; it is also the base peak of 1 and 5.
The third fragm entation is an a-cleavage at the phosphoryl group producing the ion (CH3)2P = 0 + {m/z = 77), which is detected in the spectra of all compounds.
A nother observed fragmentation of the com pounds 1 -5 is the cleavage of the ether bond re sulting in the corresponding alkyl ions. This frag m entation is most intensive for 1 , probably due to Table III . 'H, 31P and 31 P{1H} NMR data of (aminoalkyloxymethyl)dimethylphosphine oxides (<5 in ppm, J in Hz). the stabilization via cyclization of the resulting CH 2-C H 2 (m/z = 44) ion.
NH, Experimental

Starting materials
All amino alcohols and CM PO were commer cially available. The amino alcohols were treated with a definite quantity of sodium and were dis tilled before use. The solvents were dried by stand ard procedures. 0.5% solution of ninhydrin in ethanol (96%). The IR spectra (400-4000 cm -1) were recorded of neat compounds on an UR-20 spectrophotom eter. The 'H NMR spectra were obtained in CDC13 using a Bruker WM-250 spectrom eter (250.13 MHz). The chemical shifts are given relative to TMS. The 31P NMR spectra were also taken in CDC13 on a Bruker AC 200 instrum ent (80.015 MHz) with and without decoupling. The chemical shifts are given against 85% H 3P 0 4. The EI-MS spectra were m easured at 70 eV on a JEOL-JM S-D-300 mass spectrometer. The CI-MS spectrum of 1 was recorded with /-butane.
Characterization o f the compounds
The phosphorus content was determ ined as de scribed in [30] , and the amino groups by potentiometric titration with hydrochloric acid [31] . The melting point of 1 was m easured in bulk and is uncorrected. The TLC analysis was perform ed on silica gel 60 glass plates (M erck) with a mobile phase CHCl3:C H 3O H :N H 4OH (20%), 2 :3 :7 (v/v/v). The spots were detected by spraying with Preparation o f (2-aminoethyloxymethyl)dimethylphosphine oxide (1 ) 1.14 g (0.0496 g-at) of sodium in small pieces was added at r.t. with stirring in an argon at mosphere to a mixture of 14.0 g (0.224 mol) 2-aminoethanol and 10 ml dry toluene. As the reaction of sodium was completed, a solution of 6.04 g (0.0477 mol) CMPO in 15 ml toluene was slowly added dropwise at 90-95 °C. The reaction mixture was refluxed for 8 h and the toluene and excess amino alcohol were removed by distillation in vacuo. The residue was dissolved in chloroform, and after filtration the solvent was evaporated. The resulting crude product was distilled under re duced pressure, giving 4.37 g (60%) of product 1, which crystallized after storage at room tem per ature in 24 h.
All remaining products, listed in Table I , were prepared analogously.
